Aneurysmal subarachnoid hemorrhage (a-SAH) is a life-threatening condition and accounts for 3% to 5% of all stroke cases.^[@bib1]^ Depending on its severity, a-SAH is associated with a mortality rate of 8.3% to 66.7% within the first month.^[@bib2]^ The incidence ranges from 4 to 10 per 100,000 persons per year.^[@bib3]^ Most patients regain independence in daily functioning.^[@bib4]^ However, more than two-thirds have an impaired functional outcome such that they experience restrictions in daily life and cannot regain premorbid levels of functioning.^[@bib5],[@bib6]^ Because the mean age at which a-SAH occurs is a relatively young 55 years,^[@bib3]^ these restrictions can have a devastating and long-lasting impact on daily living.

Because most patients with a-SAH experience restrictions in daily living, patients can be predisposed to inactive and sedentary lifestyles. This can lead to a negative circle of physical deconditioning (a conceptual framework is shown in [eFig. 1](#sup1){ref-type="supplementary-material"}, available at <https://academic.oup.com/ptj>). As a consequence, patients can be at risk of low physical fitness.^[@bib6]^ Physical fitness refers to a set of physiological attributes that a person has or achieves and confers the ability to carry out daily activities without undue fatigue.^[@bib7]^ Cardiorespiratory fitness and knee muscle strength are important aspects of physical fitness and indicative of independent daily living.^[@bib8],[@bib9]^ Previous cross-sectional studies showed impaired cardiorespiratory fitness (62% to 77% of controls) and knee muscle strength (64% to 78% of controls) at 6 months after a-SAH.^[@bib10]^ However, longitudinal studies are warranted to evaluate changes in fitness and related factors over time, which would provide important clinical information and could help to target therapeutic interventions.

Studies in patients with stroke, other than a-SAH, showed long-lasting impairments in cardiorespiratory fitness and knee muscle strength over time, ranging from 26% to 87%, and from 25% to 83% of controls, respectively.^[@bib11],[@bib12]^ These deficits were found in the acute, subacute, and chronic phase after stroke (observed up to 8 years after onset).^[@bib13]^ Patients with stroke who are less physically active, more severely disabled, or functionally more compromised are at risk of low physical fitness.^[@bib14]^ Because the origin of brain damage differs between patients with ischemic or hemorrhagic stroke and patients with a-SAH (focal vs diffuse brain damage), it is not clear whether such factors play a similar role in fitness after a-SAH. In a-SAH, the severity of a-SAH (determined by Glasgow Coma Scale \[GCS\] score), treatment procedure (surgical clipping vs endovascular coiling), location of aneurysm (anterior vs posterior), and pituitary dysfunction are known predictors of long-term outcome.^[@bib3],[@bib4],[@bib17]^ Therefore, we investigated whether these disease-related characteristics play a role in physical fitness as well.

The primary goal was to evaluate the level of physical fitness over the first year after a-SAH and to explore longitudinal relations with physical activity, sedentary behavior, and functional outcome. Our secondary aim was to evaluate whether physical fitness could be predicted by the above-mentioned disease-related characteristics to identify patients at risk of low fitness. Repeated measurements of physical fitness, physical activity, sedentary behavior, and functional outcome were performed at 6 and 12 months after a-SAH. We hypothesized that physical fitness remains low over the first year and that inactive and sedentary lifestyles are related to low physical fitness. Further, we hypothesized that patients with lower functional outcome, more severe a-SAH, and those who had been treated with surgical clipping are at risk of low physical fitness.

Methods {#sec2}
=======

Participants and Design {#sec2-1}
-----------------------

This study, entitled HIPS-Rehab, was part of the Hypopituitarism In Patients after Subarachnoid hemorrhage (HIPS) study.^[@bib18]^ Data collection, clinical definitions of a-SAH, and inclusion criteria have been published previously.^[@bib10],[@bib18]^ Personal and disease-related characteristics were collected at hospital intake, and measures of physical fitness, physical activity, sedentary behavior, and functional outcome were assessed at 6 and 12 months after onset. This study was approved by the Medical Ethics Committee of the Erasmus MC University. All participants provided written informed consent.

Primary Outcome {#sec2-2}
---------------

Physical fitness was assessed by analyzing cardiorespiratory fitness and isokinetic knee muscle strength. Safety procedures were implemented prior to exercise testing. First, participants filled in the Physical Activity Readiness Questionnaire, which is a self-directed assessment to screen for health complications during exercise.^[@bib19]^ Thereafter, participants were screened for medical contraindications to exercise testing by a treating neurologist. Exercise testing was not carried out if there was any suspicion of an underlying cardiopulmonary pathology that increased the risk of complications during exercise testing.

Cardiorespiratory fitness was assessed by cardiopulmonary exercise testing (CPET) on an upright cycle ergometer (Jaeger ER800; Jaeger Toennies, Breda, the Netherlands). CPET was preceded by a 4-minute warm-up without resistance after which the resistance increased automatically every 10 seconds to ensure that voluntary exhaustion was reached within 10 to 14 minutes (increment for women: 12 W/min; for men: 16 W/min). The test stopped when the participants were not able to maintain target pedal rate (60--70 rpm). CPET could also be terminated because of medical complications, as prescribed by the guidelines of the American College of Sports Medicine.^[@bib20]^ During CPET, gas exchanges were analyzed by indirect calorimetry (Oxycon Pro; ViaSys Healthcare, Houten, the Netherlands). Peak oxygen uptake $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}$({\rm{\dot{V}}}{{\rm{o}}_{2{\rm{peak}}}})$\end{document}$ was measured at peak physical work rate. $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ was defined as the highest mean peak value during 30 seconds of exercise and expressed in $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ per kilogram body mass (mL/kg/min). To determine whether participants reached maximal physical exertion we used the following objective criteria: (1) respiratory exchange ratio (RER) \> 1.0, or (2) peak heart rate (HR~peak~) within 10 bpm of age-predicted maximum heart rate (HR~max~) using the formula: HR~max~ = 208 − (0.7 × age). Because beta-blocker medication can reduce HR~max~ by approximately 30%, we adjusted the formula for participants receiving beta-blocker medication: HR~max~ = 0.7\[208 − (0.7 × age)\].^[@bib10],[@bib21],[@bib22]^

Isokinetic knee muscle strength was assessed by dynamometry using the Biodex Dynamometer (Biodex, Shirley, NY, USA). Adjustable seatbelts were used to minimize body movements. The lateral femoral epicondyle was aligned with the rotational axis of the dynamometer. Peak torque of the knee extensors (PT~ext~) and flexors (PT~flex~) was recorded (newton-meters) and corrected for body mass (N m/kg). The test protocol involved 5 maximal knee extension and flexion contractions at 60°/s. Peak torque was considered as the maximum torque generated throughout 1 series of repetitions. We calculated the average peak torque of both limbs because there were no significant differences in peak torque between the left and right lower limbs.

Secondary Outcome {#sec2-3}
-----------------

Objective measures of physical activity and sedentary behavior were evaluated by accelerometer-based activity monitoring (VitaMove; 2M Engineering, Veldhoven, the Netherlands).^[@bib23]^ The VitaMove consists of 3 individual body-fixed recorders (attached to sternum and both legs) ([eFig. 2](#sup1){ref-type="supplementary-material"}, available at <https://academic.oup.com/ptj>). The recorders are wirelessly connected and synchronized every 10 seconds. Each recorder has its own accelerometer (MMA7260Q; Freescale, Denver, CO, USA). The VitaMove demonstrates validity for quantifying body postures and movements in healthy subjects, and in different patient populations.^[@bib23],[@bib24]^ Activity monitoring measurement started one day after the measurement visit, and participants wore the VitaMove on consecutive weekdays, except during swimming, bathing, and sleeping. The intended duration of measurement was 3 consecutive days, with a minimum of 1 day.^[@bib25]^ Participants were instructed to continue their ordinary daily activities. The principles of measurement were explained after all measurements were completed in order to avoid measurement bias. Participants kept activity diaries to report reasons for nonwear periods. Accelerometer data were uploaded to a computer for kinematic analyses using VitaScore (VitaScore BV, Gemert, the Netherlands).^[@bib23]^ The following outcome measures were calculated as the mean of available measurement days: duration of physical activity (including walking, cycling, running, and noncyclic movements; expressed as a percentage of a 24-hour period) and duration of sedentary behavior (including lying and sitting activities; expressed as a percentage of waking hours).

Functional outcome was assessed by the treating neurologist using the widely used questionnaire Functional Independence Measure and Functional Assessment Measure (FIM + FAM).^[@bib26]^ The FIM + FAM consists of 30 items and evaluates functional independence by examining self-care, transfers and mobility, communication, and cognitive and psychosocial daily functioning. FIM + FAM scores range from 1 (total dependence) to 7 (complete independence). The FIM + FAM shows excellent validity and reliability in patients with stroke.^[@bib26]^

The following disease-related characteristics were collected at hospital intake: (1) severity of a-SAH by using the GCS score; (2) location of the aneurysm (anterior vs posterior); (3) treatment procedure (surgical clipping vs endovascular coiling); (4) a-SAH complications (rebleeding, delayed cerebral ischemia, hyponatremia, and hydrocephalus); and (5) pituitary dysfunction. Methods of endocrine testing and definitions of pituitary dysfunction have been extensively described elsewhere.^[@bib18]^ Endovascular coiling is the preferred treatment modality to close a ruptured aneurysm. Sometimes clipping is the designated treatment modality because coiling cannot be performed (eg, the location of the aneurysm is unreachable via a catheter, the aneurysm is too small, the neck of the aneurysm is too wide, or the shape of the aneurysm is not suitable for coiling).

Data Analysis {#sec2-4}
-------------

All data are expressed as mean \[SD\] unless otherwise indicated. Differences in clinical characteristics (including sex, age, GCS score, treatment procedure, and location of the aneurysm) between participants in HIPS-Rehab (n = 52) and those who did not participate in the current study (but included in HIPS; n = 32) were verified by independent *t* tests for interval variables and by χ^2^ tests for categorical variables. Descriptive statistics were used to describe personal and disease-related characteristics. Parametric tests were used because the Shapiro-Wilk test showed that fitness data were normally distributed: $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ (W = 0.979; *P* = .325), PT~ext~ (W = 0.984; *P *= .453), and PT~flex~ (W = 0.972; *P* = .082).
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$, PT~ext~, and PT~flex~) and 1 of the following factors: physical activity (% 24 hours), sedentary behavior (% waking hours), and functional outcome (FIM + FAM scores). The following fixed factors were entered to study whether disease-related characteristics can predict the level of physical fitness: severity of a-SAH (GCS score, range = 1--15), location of the aneurysm (0 = anterior, 1 = posterior), treatment procedure (0 = clipping, 1 = coiling), pituitary dysfunction (0 = no, 1 = yes), and complications (0 = no, 1 = yes).

Prediction equations, established in the general population, were used to predict individual $\documentclass[12pt]{minimal}
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{\rm{for}}\,{\rm{men}}: \rm{\dot{V}} {\rm{o}_2{\rm{peak}}} \, = \, (23 {\times} {\rm {height}}) + (11.7 {\times} {\rm{weight}})\\
- (31 {\times} {\rm{age}}) - 32;
\end{equation*}
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{\rm{and}}\,{\rm{for}}\,{\rm{women}}:{\rm{\dot{V}}}{{\rm{o}}_{2{\rm{peak}}}} \, = \, (15.8 \times {\rm{height}}) + (8.99 \times {\rm{weight}})\\
- (27 \times {\rm{age}}) + 207.
\end{equation*}
\end{document}$$

To better interpret individual levels of $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$, peak values were additionally classified according to norm data derived from the Cooper Institute.^[@bib28]^ These norm data were gathered in a norm population and classified (reference values for $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ values below the 20th percentile of the norm population were considered "very poor." For maximal isokinetic PT~ext~ and PT~flex~ we used the normative data gathered by Sunnerhagen et al.^[@bib29]^

Linear mixed models are flexible in handling missing values, and these models take into account the covariance between measurements within patients. Each model was adjusted for sex (0 = women, 1 = men) and age. Statistically, sex and age were not always significant confounders, but were kept in each model because these factors are considered of fundamental importance in research on physical fitness,^[@bib30]^ leading to the following linear mixed model equation: $$\documentclass[12pt]{minimal}
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\begin{equation*}
{\rm{Y\ }}\left( {{\rm{Fitness}}} \right) \, = \, {\rm{\beta }}0{\rm{\ }} + \,\,{\rm{\beta }}1 \cdot {\rm{Visit\ }} + \,\,{\rm{\beta }}2 \cdot {\rm{Age\ }} + \,\,{\rm{\beta }}3 \cdot {\rm{Sex\ }}\\
+ {\rm{\ \beta }}4 \cdot {\rm{Predictor\ }} + {\rm{\ \varepsilon }}
\end{equation*}
\end{document}$$

We reported estimated β coefficients, effect sizes (Cohen *d*), 95% confidence intervals, and *P* values. The significance level was set at *P* \< .05. Bonferroni correction was applied to adjust for type I error for multiple testing (Statistical Package for the Social Sciences (SPSS), version 22, Inc, Chicago, IL, USA).

Role of the Funding Source {#sec2-5}
--------------------------

The funders had no role in the design, analysis, write-up, or decision to submit for publication.

Results {#sec3}
=======

In total, 241 patients were admitted to the intensive care unit with a diagnosis of a-SAH^[@bib18]^; of the 84 eligible patients 52 participated in the present study. Participants in HIPS-Rehab (n = 52) did not differ from those who did not participate in the current study (but included in HIPS; n = 32) with respect to: age (*t*(84) = −0.005; *P* = .996), sex (χ^2^(1) = 0.066; *P *= .291), GCS score (*t*(84) = 1.505; *P* = .136), location of the aneurysm (χ^2^(1) = 0.092; *P* = .469), and treatment procedure (χ^2^(1) = 0.086; *P* = .489). Fifty-two participants were assessed at 6 months, and 42 were assessed at 12 months after onset (Tab. [1](#tbl1){ref-type="table"}). Patients with complete follow-up (n = 42) did not differ from those lost to follow-up (n = 10) with respect to: age (*t*(52) = 1.269; *P* = .210), sex (χ^2^(1) = 0.495; *P* = .264), GCS score (*t*(52) = −1.282; *P* = .230), location of the aneurysm (χ^2^(1) = 0.001; *P* = .634), treatment procedure (χ^2^(1) = 0.581; *P* = .353), or complications (χ^2^(1) = 0.288; *P* = .464). Because we used linear mixed model analyses, data of most patients could be included in the final analyses because this method allows inclusion of patients in the analyses for whom some of the data are missing (Fig. [1](#fig1){ref-type="fig"} presents a detailed flow diagram).

![Flow diagram. a-SAH = aneurysmal subarachnoid hemorrhage; HIPS = Hypopituitarism In Patients after Subarachnoid hemorrhage (study); ICU = intensive care unit.](pzz046fig1){#fig1}
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Characteristics of 52 Participants With Aneurysmal Subarachnoid Hemorrhage[*^a^*](#tb1fn1){ref-type="table-fn"}

  Characteristic               Value for Participants[*^b^*](#tb1fn2){ref-type="table-fn"}
  ---------------------------- -------------------------------------------------------------
  Mean \[SD\] age, y,          56.1 \[13.5\]
  Male sex                     16 (31)
  Mean \[SD\] GCS score        13.5 \[2.1\]
  Location of aneurysm         
   Anterior                    31 (60)
   Posterior                   21 (40)
  Treatment procedure          
   Endovascular coiling        47 (90)
   Surgical clipping           11 (21)
  Secondary complications      
   Rebleeding                  0
   Delayed cerebral ischemia   7 (13)
   Hyponatremia                6 (12)
   Hydrocephalus               13 (25)
   Pituitary dysfunction       24 (46)

GCS = Glasgow Coma Scale.

Data are presented as number (percentage) of participants unless otherwise indicated.

Data were not available for all participants. CPET data for 43 patients were included in the final analyses (83% of the sample). In total, 6 patients were not able to perform CPET due to contraindications (n = 3), logistical reasons (n = 2), or because of an additional injury (n = 1). Furthermore, CPET data of 3 patients did not meet the objective criteria for maximal physical exertion and were excluded. In total, 9 patients with successful CPET were receiving beta-blocker medication. Isokinetic dynamometry data of 48 patients were included (92% of the sample); 3 were not able to perform isokinetic dynamometry because of medical reasons and 1 because of logistical reasons. Activity monitoring data of 44 patients were included (85% of the sample); measurements in 4 patients were lost due to technical failure, 3 because of logistical reasons, and 1 because of refusal.

Physical Fitness {#sec3-1}
----------------

The estimated mean $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ in patients increased between 6 and 12 months by + 6.2% (β = 1.417 mL/kg/min; *P *= .027), and there was a nonsignificant trend for an increase of + 5.1% in PT ~ext~ (β = 0.071 N·m/kg; *P* = .061) (Tab. [2](#tbl2){ref-type="table"}). The estimated mean PT~flex~ did not change over time (β = 0.026 N·m/kg; *P*  = .281). Although patients managed to exercise toward acceptable cardiorespiratory limits at both follow-up times, the estimated mean peak respiratory exchange ratio at 6 months was lower compared with 12 months: 1.13 (SE = 0.01) versus 1.19 (SE = 0.02), respectively ( *P* \< .001). The estimated mean $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ in patients who were receiving beta-blocker medication did not differ from those who were not receiving beta-blockers (β = −2.333; *P *= .214).

###### 
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  Physical Fitness                                                             Mean (SE) at:   Change From t1 to t2[*^b^*](#tb2fn2){ref-type="table-fn"}   95% CI for Change   Cohen *d*[*^c^*](#tb2fn3){ref-type="table-fn"}   *P*     
  ---------------------------------------------------------------------------- --------------- ----------------------------------------------------------- ------------------- ------------------------------------------------ ------- ---------------------------------------------
  Cardiorespiratory fitness                                                                                                                                                                                                             
   $\documentclass[12pt]{minimal}                                              22.79 (0.94)    24.20 (0.91)                                                +1.417              0.170 to 2.664                                   0.257   .027[*^d^*](#tb2fn4){ref-type="table-fn"}
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  }{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$, mL/kg/min                                                                                                                                                                
   HR~peak~, % of predicted HR~max~                                            88.59 (2.37)    90.42 (2.32)                                                +1.824              −1.398 to 5.054                                  0.132   .255
   RER~peak~, $\documentclass[12pt]{minimal}                                   1.13 (0.01)     1.19 (0.02)                                                 +0.058              0.034 to 0.081                                   0.653   \<.001[*^d^*](#tb2fn4){ref-type="table-fn"}
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  }{}${\rm{\dot{V}c}}{{\rm{o}}_2}/{\rm{\dot{V}}}{{\rm{o}}_2}$\end{document}$                                                                                                                                                            
  Knee muscle strength                                                                                                                                                                                                                  
   PT~ext~, N·m/kg                                                             1.38 (0.06)     1.45 (0.06)                                                 +0.071              −0.004 to 0.146                                  0.185   .061[*^e^*](#tb2fn5){ref-type="table-fn"}
   PT~flex~, N·m/kg                                                            0.61 (0.04)     0.64 (0.04)                                                 +0.026              −0.022 to 0.073                                  0.119   .281

All determinants were entered separately with adjustment for sex and age. CI = confidence interval; HR~max~ = maximum predicted heart rate; HR~peak~ = peak heart rate; PT~ext~ = peak torque of the knee extensors; PT~flex~ = peak torque of the knee flexors; RER~peak~ = peak respiratory exchange ratio; $\documentclass[12pt]{minimal}
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Estimated mean change over follow-up time.
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Significant difference (*P* \< .05).

Nonsignificant trend for a difference (*P*  \< .10).

Figure [2](#fig2){ref-type="fig"} shows a graphical presentation of the differences in the estimated values of $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ was considered very poor in, respectively, 43% and 39% of participants.^[@bib28]^ Analyzing individual change (criterion: ± 2.0 mL/kg/min),^[@bib31]^ showed that the $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ improved in 30%, remained stable in 48%, and deteriorated in 22% of the patients. At both 6 and 12 months, the knee muscle strength was significantly lower than predicted values.^[@bib29]^ At 6 months, PT~ext~ was 22% lower (β = −0.344 N·m/kg; *P* \< .001) and PT~flex~ was 28% lower than predicted values (β = −0.282 N·m/kg; *P* \< .001); at 12 months, PT~ext~ was 18% lower (β = −0.216 N·m/kg; *P* \< .001) and PT~flex~ was 22% lower than predicted values (β = −0.186 N·m/kg; *P *\< .001).^[@bib29]^
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}{}$({\rm{\dot{V}}}{{\rm{o}}_{2{\rm{peak}}}})$\end{document}$, (B) peak torque knee extension (PT~ext~), and (C) peak torque knee flexion (PT~flex~) at 6 and 12 months after aneurysmal subarachnoid hemorrhage compared with reference values. Reference values for $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ were calculated from Fairbarn et al,^[@bib27]^ and reference values for PT~ext~ and PT~flex~ were calculated from Sunnerhagen et al.^[@bib29]^ Asterisks denote significant difference (*P* \< .05).](pzz046fig2){#fig2}

Determinants of Physical Fitness {#sec3-2}
--------------------------------

Table [3](#tbl3){ref-type="table"} presents the results of the linear mixed models, evaluating the determinants of physical fitness. Total physical activity (% 24 hours) was positively associated with $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ (β = 0.638 mL/kg/min; *P* = .006) and PT~flex~ (β = 0.018 N·m/kg; *P* = .037), indicating that patients who were physically more active had greater cardiorespiratory fitness and knee flexion strength. The functional outcome (FIM + FAM score) was significantly related to PT~ext~ (β = 0.125 N·m/kg; *P* = .004) and PT~flex~ (β = 0.057 N·m/kg; *P*  = .042), indicating that patients with lower functional outcome had lower knee extension and flexion strength. There was no evidence for a relationship between sedentary behavior and physical fitness.
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}{}$({\rm{\dot{V}}}{{\rm{o}}_{2{\rm{peak}}}})$\end{document}$ and knee muscle strength (PT~ext~ and PT~flex~)[*^a^*](#tb3fn1){ref-type="table-fn"}

  Linear Mixed Model                                         $\documentclass[12pt]{minimal}                                                    PT~ext~, N·m/kg (n = 48)   PT~flex~, N·m/kg (n = 48)                                                                                                                       
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                                                             }{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$, mL/kg/min (n = 43)                                                                                                                                                                              
  ---------------------------------------------------------- --------------------------------------------------------------------------------- -------------------------- ------------------------------------------- -------- ------------------ ------------------------------------------- -------- ------------------ -------------------------------------------
  Time                                                       +1.417                                                                            0.170--2.664               .027                                        +0.071   −0.004 to 0.146    .061                                        +0.026   −0.022 to 0.073    .281
  Sex                                                        +6.606                                                                            3.062--10.150              .001[*^c^*](#tb3fn3){ref-type="table-fn"}   +0.340   0.120--0.561       .003[*^c^*](#tb3fn3){ref-type="table-fn"}   +0.214   0.075--0.353       .003[*^c^*](#tb3fn3){ref-type="table-fn"}
  Age                                                        −0.160                                                                            −0.295 to −0.025           .021                                        −0.012   −0.020 to −0.003   .010                                        −0.009   −0.015 to −0.004   .002[*^c^*](#tb3fn3){ref-type="table-fn"}
  Physical behavior and functioning                                                                                                                                                                                                                                                                                       
   Physical activity                                         +0.638                                                                            0.193--1.082               .006                                        +0.023   −0.009 to 0.056    .147                                        +0.018   0.001--0.036       .037
   Sedentary behavior                                        −0.030                                                                            −0.201 to 0.142            .726                                        −0.004   −0.013 to 0.006    .459                                        −0.002   −0.004 to 0.008    .556
   Functional outcome[*^d^*](#tb3fn4){ref-type="table-fn"}   +0.469                                                                            −1.031 to 1.969            .531                                        +0.125   0.041--0.209       .004[*^c^*](#tb3fn3){ref-type="table-fn"}   +0.057   0.002--0.112       .042
  Baseline characteristics                                                                                                                                                                                                                                                                                                
   GCS score                                                 +0.103                                                                            −0.708 to 0.914            .799                                        +0.037   −0.010 to 0.084    .116                                        +0.022   −0.008 to 0.053    .146
   Location of aneurysm                                      +1.191                                                                            −2.059 to 4.441            .463                                        +0.105   −0.101 to 0.310    .311                                        +0.048   −0.082 to 0.179    .459
   Treatment                                                 −4.946                                                                            −8.528 to −1.365           .008                                        −0.135   −0.396 to −0.126   .302                                        −0.176   −0.333 to −0.018   .029
   Pituitary dysfunction                                     −1.312                                                                            −4.531 to 1.908            .415                                        −0.009   −0.216 to 0.197    .928                                        −0.066   −0.195 to 0.063    .306
   Complications                                             −0.524                                                                            −3.809 to 2.762            .749                                        −0.110   −0.324 to 0.104    .305                                        −0.071   −0.205 to 0.064    .295

Each of the following determinants was included in a separate linear mixed model with adjustment for sex (0 = female; 1 = male) and age (y): time (0 = 6 mo; 1 = 12 mo); physical activity (% of 24 h); sedentary behavior (% of waking h); Functional Independence Measure and Functional Assessment Measure (range = 1--7); Glasgow Coma Scale (GCS) score (range = 1--15); location of aneurysm (0 = anterior; 1 = posterior); treatment (0 = coiling; 1 = clipping); pituitary dysfunction (0 = no; 1 = yes); and secondary complications (0 = no; 1 = yes). CI= confidence interval; PT~ext~ = peak torque of the knee extensors; PT~flex~ = peak torque of the knee flexors; $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ = peak oxygen uptake (mL/kg/min).

Estimated β coefficient.

Significant predictor of physical fitness after Bonferroni correction: *P* = .05/10 = .005.

Functional outcome was determined with the Functional Independence Measure and Functional Assessment Measure questionnaires.

Further, patients who had been treated with surgical clipping had 22% lower $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ (β = −4.946 mL/kg/min; *P* = .008) and 29% lower PT~ext~ (β = −0.176 N·m/kg; *P *= .029) compared with those who underwent endovascular coiling. Figure [3](#fig3){ref-type="fig"} depicts the change in physical fitness over the first year, specified by treatment procedure (surgical clipping vs endovascular coiling). Other baseline characteristics of interest such as severity of a-SAH (GCS score), location of the aneurysm, and pituitary dysfunction were not associated with physical fitness.
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}{}$({\rm{\dot{V}}}{{\rm{o}}_{2{\rm{peak}}}})$\end{document}$, (B) peak torque extension, and (C) peak torque flexion at 6 and 12 months for participants who underwent surgical clipping or endovascular coiling. Surgical clipping was negatively associated with $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ (*P* = .008) (A) and peak torque flexion (*P* = .029) (C).](pzz046fig3){#fig3}

The estimated β coefficients are presented in Table [3](#tbl3){ref-type="table"} and reflect the change in fitness that is associated with a 1-unit change in the predictor. We highlight the finding that participants who were physically more active had higher $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ of + 0.638 mL/kg/min. This finding indicates that 3.1% greater physical activity levels (45 min/24 h) are associated with a + 2.0 mL/kg/min higher $\documentclass[12pt]{minimal}
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Discussion {#sec4}
==========

This 1-year follow-up study showed that participants with a-SAH have low physical fitness over the first year.^[@bib27],[@bib28]^ More than one-third of the participants had $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ values that were considered very poor at both 6 and 12 months after onset. Participants who were physically more active had higher peak oxygen uptake and knee flexion strength, and participants with lower functional outcome had lower knee extension and flexion strength. Further, participants who had been treated with surgical clipping were at risk of low physical fitness. Our findings indicate that exercise interventions are warranted. Such interventions should involve both cardiorespiratory endurance and muscle strengthening components and should consider the promotion of physical activity. Further, these interventions should target patients with impaired functional outcome or those who have been treated with surgical clipping.

The procedure to close the aneurysm was found to be a predictor of physical fitness. The $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ of participants who had been treated with surgical clipping was 22% lower compared with those who underwent endovascular coiling; the deficit was 29% for knee flexor strength. Our findings indicate that endovascular coiling gives better longterm follow-up compared with surgical clipping, which is in line with a meta-analysis showing that endovascular coiling yields optimal clinical outcomes compared with surgical clipping.^[@bib32]^ Professionals should be aware that patients who have been treated with surgical clipping are at risk of a poor health outcome. This finding could help to target future interventions in patients with a-SAH.

The observed deficits in physical fitness (18% to 28% lower than reference) were smaller compared with patients with other types of stroke; where fitness parameters were 13% to 75% lower than healthy controls.^[@bib11],[@bib12]^ An explanation is that patients with ischemic or hemorrhagic stroke are often more disabled due to focal brain damage and neuromotor lesions and therefore less likely to maintain active lifestyles. Consistent with our findings, studies in stroke showed relationships between lower functional outcome and decreased knee muscle strength.^[@bib33]^ Further, the reported deficits in our group are comparable with patients with transient ischemic attack and patients with minor ischemic stroke (21% to 35% lower than controls).^[@bib14],[@bib34]^

Physical activity has been related to improved physical fitness across different patient groups (eg, coronary heart disease, diabetes mellitus, obesity, and stroke).^[@bib9],[@bib15]^ In our sample, we also found that participants who were physically more active had higher $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ values. The observed relations between activity and fitness in a-SAH are consistent with research in patients with stroke, in whom higher levels of physical activity were positively associated with higher levels of fitness.^[@bib35]^ The estimated β coefficient for physical activity showed that participants with higher physical activity (45 min/24 h) had a 2.0 mL/kg/min higher $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ (reflects minimal clinical important difference in stroke).^[@bib31]^ Intervention studies are warranted to investigate whether increased levels of physical activity lead to improved $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ in patients with a-SAH. Because physical activity in our study was based on total physical activity time, regardless of intensity of activities, walking or household activities are already associated with higher $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$. However, research in sports and exercise shows that the intensity of physical activity plays a decisive role in fitness.^[@bib7],[@bib15]^ Future studies are warranted to investigate optimal treatment paradigms to improve fitness in patients with a-SAH.

Sedentary behavior and physical activity are 2 different constructs, in that sedentary behavior is more than merely a lack of physical activity (too little exercise); it is rather a behavioral entity that can have distinct physiological effects independent of the amount of physical activity.^[@bib36]^ Physically active individuals who satisfy recommendations for optimal physical activity can still be sedentary for their remaining waking hours. In our study, we did not observe any relationship between sedentary behavior and physical fitness. Although associations between physical inactivity and low physical fitness are well established,^[@bib9]^ studies are warranted to better understand relations between sedentary behavior and physical fitness.

The longitudinal models were corrected for sex and age. According to the estimated β coefficients, female sex and older age were negatively associated with physical fitness. However, the findings that $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ in women was approximately 28% lower than in men, and that $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ decreased by 8% per 10 years of age, are similar to findings in the general population.^[@bib37],[@bib38]^

Studies in patients with non--a-SAH stroke showed that exercise training can improve cardiorespiratory fitness by 9% to 23%.^[@bib39]^ Furthermore, exercise training can reduce depressive symptoms, prevent complications associated with physical inactivity, and decrease the likelihood of recurrent stroke.^[@bib15],[@bib40]^ There could also be important health benefits from exercise training for patients with a-SAH. However, exercise interventions are lacking in a-SAH. Intervention studies are warranted to investigate the beneficial effects of exercise training in patients with a-SAH.

Previous studies have shown that cognitive impairments and psychological factors, such as mood and anxiety, lower the functional outcome after a-SAH.^[@bib4]^ In this study we provide evidence for an association between physical fitness and functional outcome. Our results revealed that FIM + FAM scores were associated with knee extension and flexion strength, indicating that patients with less muscle strength had lower functional outcomes. From aging studies we know that improved knee muscle strength contributes to functional outcome and independent daily living.^[@bib41]^ It could be argued that improved knee muscle strength can also improve functional outcome in a-SAH. However, intervention studies are warranted to investigate whether strengthening exercise improves functional outcome in a-SAH.

Interventions in stroke rehabilitation mainly focus on the performance of daily activities.^[@bib15]^ As a result, there is a lack of interventions targeting fitness after stroke.^[@bib40]^ Our findings indicate that exercise interventions in a-SAH should involve both cardiorespiratory endurance and strengthening exercise components. Interval training could be advantageous in a-SAH, to challenge the cardiorespiratory system without exhausting the muscular system.^[@bib15]^ Further, because we found a positive relationship between physical activity and physical fitness, future exercise programs could also consider the promotion of daily physical activity in patients with a-SAH.

Limitations {#sec4-1}
-----------

Some critical reflections are warranted. First, not all measurements were available for all participants, which might have led to selection bias. However, the data of most participants could be included in the final analyses by estimating the mean outcome using linear mixed model analyses. This statistical method accounts for the covariance between measurements within participants. In total, 3 participants had absolute contraindications to exercise testing and did not perform fitness measurements. Because these participants were more likely to abstain from exercise, we could have underestimated fitness deficits in patients with a-SAH. Second, we could not confirm causality between parameters. However, the longitudinal relations provide important clinical information about the coexistence of problems and can help to direct therapeutic options in a-SAH. Third, interaction terms could not be studied because of insufficient statistical power (sample size n = 52). However, because fitness parameters changed only slightly or not at all over follow-up time, we do not expect to find interaction effects in our data. Ideally, a CPET practice trial should have been implemented because practice effects of CPET can lead to improvements in CPET performance.^[@bib42]^ Therefore, the observed improvement in $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ could be an overestimation of the actual improvement. However, implementing an additional practice trial was not feasible within our study. Activity monitoring measurements covered 3 consecutive weekdays and started the day after the visit. It remains questionable whether short measurement periods are representative of routine physical activity. However, 3-day measurement schedules have been frequently used to objectively determine physical activity in daily life.^[@bib24]^ Finally, selection bias could have occurred toward patients who are interested in sports and exercise, which might have led to an underestimation of physical fitness deficits. However, participants did not differ from those who did not participate in HIPS-Rehab but were included in HIPS.

Conclusion {#sec4-2}
----------

In summary, physical fitness remained low over the first year after a-SAH. More than one-third of the participants had very poor levels of $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ at 6 and 12 months after onset.^[@bib28]^ Our findings revealed that participants who were physically more active had higher $\documentclass[12pt]{minimal}
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}{}${\rm{\dot{V}}}{{\rm{o}}_{{\rm{2peak}}}}$\end{document}$ and knee flexion strength, whereas participants with lower functional outcome had lower knee extension and flexion strength. Further, participants who had been treated with surgical clipping were at risk of low physical fitness. Exercise interventions are warranted; they should consider the promotion of daily physical activity and should target patients with lower functional outcome or those who have been treated with surgical clipping. Research is warranted to investigate whether rehabilitation services can adapt their programs to meet the needs of patients with a-SAH.
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